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Unit Cell Simulation for Cylinders on a ‘lYiangular Pitch

by

R. D. 0’DeU and J. A. Schlesser

Los Alamos National Laboratory

In criticality safety infinite ~rays of identical units are frequently analyzed. For s~ch analyses a unit

cell is defmd and, with appropriate boundary conditions invoked on the bounding surface(s) of the

unit cell, a criticality calculation is performed. When properly done, this calculation is equiva.lent

to calculating an infinite wray of units. Sometimes the unit cell model exactly duplicates the actual

unit cell in the array. In other cues, however, the caJculational model can only be m “equivalent”

simulation of the actual cell. One cue involving the use of such equivalent cell models arises in

WI infinite array of cylindrical units on a triangular pitch. For Su{% an array , each cylinder is

in contact with six neigh borti. The actuaJ unit cell, therefore, consists of a cylinder enc!osed in a

hexagon with a flat- tctlat distance equ~ to the diameter of the cylinder. There are three commonly

used ways to model the unit cell in such an array. The first is to model the close.packed cylinders

exactly using four hcmicyli~~rfers in a rectangular cuboid with reflective boundary conditions as

ava.ilatrlc in KENO V,a’ (Ex~ct Model), ‘rhc second way is to nimulatc the actual unit ccl] with a

cylindvr cIIclINml in a square (cuboid) bounding surface that has the s,wnc cross SC(tionai area as

that t)f the w’tu,al hl’xngorr, I{vllwtivc I)olln(lary .)n(litiorrs arc applird, This IIIIKI(I1rosut(s in a

c~lih(lcr Wh~IIV~!i.7111~’tPris !)J% (I( that of 1I1o w tIIal rylirrdf’r, Atonl dvllsity adjllsttll(ll~ts of I)()[h

the cylilldl’r m:~tl’rial and the iut~’rstiti;d lll;~loria.1 arc nw-vssary to pr(lwrvo Iuwws. ‘[ ’tlis is the

modol frIIqIIIIIIlly IIII~ph)y4}dIJY KKNO IV2 us(’ra (7°~ Rodurod, Cuhoid M~Jtlcl), ‘1’hr tl, ir(l II I(JIIPI

r~l)lw {’Ktho hox;igoti I){)llll(ling sllrfnto ()( thr a~tu,n.1 CPII with a (ylindrir, al ~urf;~r~ (’llcl(l~illg Ihc
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same cross sectional area = the hexagon. A white boundary condition is used. This unit ccl] model

is used in discrete ordinates (SN) codes (Cylindrical Model),

In this paper we analyze the use of these equivalent unit cells for two problem .types of interest: a

infinite lattice of small-diameter fuel pins and an infinite array of large shipping containers. Both

void and water are considered as interstitial materials between the cylindrical units.

The fuel pins modeled are uranium nitride pins clad with tantalum and niobium with a diameter

of 1.1 cm. The pins are infinitely long. The shipping container model is a 55 gallon drum with 13

cm thick insulation between the drum and the inner steel container. The fissile loading is a 6.5 kg

sphere of plutonium inside the dry inner container.

Results of kcfl Me shown in Table 1, As can be seen, there is “exact” agreement (within statistics)

among the models, thus confirming the neutronic equivalency of the three unit cell models when

prvpedy USCLL

As noted above, with the 7% Reduced Cuboid Model the atom densities of both the cylindrical

unit and the interstitial material must bc altered to preserve the total mw of materials present in

the aclual unit cell. Table 11 shows the effect of ~ altering the appropriate atom densities but,

instead, simply using the atom densities for the exact model, For both the small r-liamctc’r pins

and the large shipping containers failure to properly alter the atom ll~nsitim rrsults in k~fl’s with

n{lnllcgligiblc crn)rs, In three of the four ca.ww the error is nol]ronscrvativr, that is, it lllltlt~rI)r~’flifts

kefl. ‘1’hlls, tllc c(lrroct ll~lj{lljling of ;In illfillitc Array O( cylintlrir,a.1 Ilnits 1)11 a trinnglltar I)itch with

[he 770 l(~vlucd, (’lll)llill hf(~{lol n-qui~v.s fIflJU.Stt/iCrifoj the fll~l~rvpri(l(r ~ltorn tlrrl,si(ics I() {I IISII rc

nrlltronir {I(iliiv,dvncy with ttsc nct~lal arr;~y,
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Table 1. k,fl Conlparisons for Unit Cell Models

Unit Cell Fuel Pins

Model Void” J Water” –

=

7% Reduct]on

aei5Ej
0.949+0.003 0.912k0.003

0.943+0.003 0.914*0.003

● Interstitial Material



Table 2. Effect on Iqfl of M Altering the Atom Densities
in the 770 Reduced Cuboid Model

Atom Density Fuel Pins h Shipping Containers

Treat ment Void”* Water”’ Void”” Water””

Correctly Altered I 1.718 Hl.003 1.437+0.003 1 0.943+04003 9.914+0.003

Unalter4 ~ 1.790+0.003 1.303+ 0.003 ~ 0.876 A0.003 0. S82+0.003L

—

“- Interstitial Material


